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Executive Summary

In 20132014, theVectren Corporation (Vectrgna natural gas anelectric provider, offered a

thermostat program to residential customers who dseanual thermostatsn their homes CLEAResult,

the program administrator, worked with their subcontractor, Water and Energy Solutions, Inc. (WES) to
install300 Nest anB00 programmable thermostats in the homes of randomly selestedtrennatural

gas and electric (i.e., dudel) customers who previously underwent a home energy assessment
(through the Energizing Indiana Program). In addition to the new thermostats,mastaeceived

training on proper operatiowf their new thermostats

WES installed the thermostats betwe@ttober 14, 2013and January 24, 201E&igurel shows a map
of the thermostat installation locations by thermostat type.

Figurel. Map of Completed Thermostat Installations fafectrenThermostat Program
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Vectrenhired Cadmus to evaluate the program and determine the gnesavings from the Nest
thermostat overthe baseline (manual thermostats) and conventiop@grammable thermostats.
Specifically, the objectives of the evaluation are to:

1. Evaluate the amount fierms) and percentage of gas saved on heating; and
2. Evaluateghe amount (kWh) and percentage of electricity saved on cooling.

Cadmus assessed energy savings usingapiek postinstallation billing dataTablel shows the
evaluated gas savings as a percentageesftinggas usageand Table2 shows the evaluated electric
savings as a percentageanfolingelectric usage.
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Tablel. Nest and Programmabl&hermostat Gas Savings Percentage dfleatingGas Usage
Range of | Range of

Thermostat Sample| Pre Usagg Savings | Savings . .

Group Group Size (therms) | (therms) Savings | Savings
(therms) (%)

Participant 197 548 55 10.0% 47t063 810 11%
Nest Control 2,611 575 -14 25%  -12to-17 -2t0-3%
Adjusted Gross 197 548 69 125% 60to 77 11to 14%
Participant 184 602 15 2.5% 8 to 22 1to 4%
Programmable Control 2,611 575 -14 -2.5% -12to-17  -2t0-3%
Adjusted Gross 184 602 30 5.0% 22t037  4t06%

Table2. Nest and Programmable Thermostat Electric Savings as PercentageadingElectric Usage

R fl R f
Thermostat S Sample| Pre Usagd Savings| Savings SZT/?r?gZ SZT/?r?gZ
0,
Group Size (kKWh) (kKWh) (%) (Kwh) (%)

Participant 3,080 11.6%| 206to 508 7to17%
Nest Control 2,714 3,001 -70 2.3%| -18t0-122 -1t0-4%
Adjusted Gross 191 3,080 429 13.9% | 270to 589 91to 19%
Participant 205 2,537 273 10.8% 131to415 5to16%
Programmable Control 2,714 3,001 -70 -2.3% -18t0-122 | -1t0o-4%
Adjusted Gross 205 2,537 332 13.1%| 181t0483 71019%

Participants with the Nest thermostat reduced thbgatinggasconsumptionby approximately 125%,
compared to only 5% for participants with a programmable thermostdte Nest saved more gas than
the programmable thermostat by keeping the average home temperature approxintatiegrees
lower than the homes with a programmable thermostat in the heating season, and an avefage of
degrees lower during the daytime on weekdays, when homes are commonly unoccifdexksume
temperature reductions in Nest homes are attributable to its Aaweay feature, which automatically
sets back the temperature when it senses no one is home.

Participants in the Nest and programmable thermostat groups redeoetingelectric consumption by
approximately the same amount8.9% and 13%,respectively). Dgste nearly the same percentage
savings, Nest participants hadkghtlyhigher average air conditioner run tim#.8%) compared to
programmable thermostat participant4 %).The baselineooling electric usage in the Nest
participant groupwvas21%higher than the baseline for the programmable thermostat groap,we
would expect the air conditioner run time for Nest participants to be higher. We assume the higher
baselineusage in the Nest participant group is attributabletihe Nest participant homekaving higher
occupancy (and thus higher cooling loads) compared to the programmable thermostat homes (see
occupancy data in Demographics section)




Introduction

In 1995, the U.S. Environmental Protection Agency (EPA) began promoting programmable thermostat
with the ENERGY STAdbel. Utility companies started offering rebate programs based on claims that
programmable thermostats could save 10% to 30% of residential heating and cooling energy if users
progranmed setbacks when the homeasunoccupied or oagpantswere sleeping: However,

evaluations of these programs showed low realization rates and many studies found that only about half
of users actually programmed their thermostatse to thepoor user interface designs and complicated

settings.
Two condions can decrease or eliminate savings benefits from programmable thermostatsarhe

1. Some users with manual thermostats already use temperature setlagkdarly essentially
duplicating the operation of a programmable thermostat.

2. Not all users progm their programmable thermostats. Sorneersset the thermostats at a
constant temperature setpoiniSeveral studies have shown that consumers find programmable
thermostats difficult to operate, so they often do not program the thermostat at @lhe study
found that only 47% of programmable thermostats are actually programmed @nargy saving
manner?

In a 2013 study, Cadmus observed both conditidrble3). Study participants responded to surveys
about their thermostat behaviofThe portion of thermostats set to regular, scheduled setpoints does
not differ much by technology, but programmable thermostats are left at a constant setpaire

often, possibly because of the difficulty of programming.

Table3. Programmable and Manual Thermostat Behavior Patterns from 2013 Cadmus Study*

Manual Thermostats Programmable Thermostats

Regular Scheduled Setpoints 48% 56%
Manual With Changing Setpoints 36% 14%
Constant Setpoint 16% 29%

*Totals may not sum due to rounding.

1 U.S. Environmental Protection AgenSummary of Research Findings from the Programmable Thermostat
Market. Memo to Manufacturers on Programmable Thermostat Specification Review. Washington, D.C. 2003.
Available online:
https://www.energystar.gov/a/partners/prod_development/revisions/downloads/thermostats/Summary.pdf

2 Nevius,M.andt A333 {® at NEIANFYYIofS ¢KSN¥2aidlda ¢KIFd D2

1 SFGAY3I Ay 2A802yaAryoé t NPOSSRAy3I&E 2F G(KS wnnmn 1/999

238.244, 2000.

3 Meier, A, etal. (Lawrence Berkeleyayf I t [ 602N} G2NB FyR ! YAGSNEAGE 27
| Otidzr & a8 CKSNX2alGl Gadé t NBASYGSR i ! YSNAOI Y
Pacific Grove, California, Augusta®, 2010.
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Basedn parton the findings of programmable thermostat program evaluations, the EPA suspended

ENERGY STA#&beling of programmable thermostats in 2009. Sinantfii KS yF GA2y Qa G2 L) (K
manufacturers have releasednew generation of Wtienabled, smart thermostats designed with more
userfriendly programmingn addition towireless control options.

In20132014, Vectrenadministered a thermostat program to evaluate the impact of a smart
thermostat, the Nest Learning Thermostat (Nest), on energy usage compabeddtne nanua) and
programmable thermostats.

The utilitieschose to evaluate the Nebecause of its unique featurds b S & A&y fehtuaaphlies
proprietary algorithms taccupancy data to determine when the home is unoccupied and activate
temperature setbacks. The Aufchedule featuréearnsdzd S NE Q liased on@dwaheyEsehe
thermostatand automatically programs a setback scheduieaddition, users can control the Nest
remotely using a smartphone, tablet, or computand publishes a monthly energy report viargil.

The thermostat also has features useful to utility pargs and evaluatorsontinuous communication

to backend databases of setpoints, space temperatures, and HVAC run times, among other data. Th
ability to monitor thermostats via the Internetiso allowautilities to offer lowercost demand response
programs.

TheVectrenprogram enrolled 600 dudliel (gas and electric) customers with manual thermostats.
Customers were randomly selected from a database of customers who had received a home energy
audit. These customers were assigned to two treatmgraupg half received a Nest thermostat and
half received a standard programmable thermostat.

Participants receiving the Nest were required to have Internet in their home so that they could use the
Wi-Fi featuresThe utilitieschose the Honeywell TH211 tepresent a conventional programmable
thermostat in this evaluatiorfFigure2 shows the Honeywell TH211 and Nest thermostat installed in
participant hanes.

Figure2. Programmable (left) and Nest (right) Thermostats Installed in Program Participant Homes
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4 A small percentage of participants hatbgrammable thermostats thahey operated manually
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EvaluationObjectivesand Methods

The objective of the program was to evaluate #imaount (therms) and percentage of gesved on
heating and the amount (kWh) and percentage of electricity saved on cooling using a Nest compared to
conventional manual and programmable thermostats.

Cadmus evaluated energy savings for three groups of customers identified as having a manual
thermostat in home energy audit dafa.

300 households received a Nest thermostat;
300 households received a standard programmable thermostat; and

A control group of 3,845 households continued to use a manual thermostat (did not have a new
thermostat installedas part of the study).

We compared energy savings from the Nest and programmable thermostats usingegire
Ayaiulttlrarzy oAftAy3a Fylrfeara 2F LINIAOALI yGAQ
adjusted gross savings from the Nestigprogrammable thermostats.

To support the energy billing analysis, we installed indoor temperature loggers and air conditioner run
time loggers in half the participant homes. We used the indoor temperature data to determine average
indoor temperatureby hour and by day of week and categorized the patterns of use. We used the air
conditioner run time data to determine average air conditioner run time by hour and day of week. We
also conducted preand postinstallation surveys to assess participant bebaand determine any

changes over the study period that might eliminate the participant from the analysis.

Methods

Cadmus assessed energy savings and participant behavior using a combination of billing data, metered
data, and customer survey datéable4 summarizes the evaluation activities completed to collect and
analyze these data.

5 A small percentage of participants had programmable thestats that were unprogrammed and operated as

manual thermostats.

SY
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Table4. VectrenThermostat Prograntvaluation Activities

Group 1: Group 2:
- > P Group 3:
Activity Nest Programmable
Controk
Thermostats Thermostats

Onsite data collection Y Y N
Preinstallation survey Y Y N
Metering ambient household space temperature Y Y N
Metering air conditioner rurtime Y Y N
Pre and postinstallation billing analysis Y Y Y
Postinstallation Survey Y Y N

* This group allowed Cadmus to establish a base case for the billing analysis.

On-site Data Collection

Water and Energy Solutions, IN&VES$ compleied thermostat installations i600 Vectrenduakfuel
customer homedetweenOctober 14, 2013 and January 24, 20d#yvidinghalf the homeswith a Nest
thermostat and halfvith a standard programmabléhermostat. Figure3 shows a map athe thermostat
installationlocations by thermostat typeWES followed the protocols outlined AppendixB.

Figure3. Map of Conpleted Thermostat Installationsor VectrenThermostat Program
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Preinstallation Survey
At the time ofinstallation WES used an iPad to survey customers about how they used their old
thermostat and to collect demographic informatiofhe survey is attached agppendixA.




Space Temperature and Air ConditionBuntime Metering

Cadmus collected space temperatures and air conditionetimes fom approximately half the Nest

and programmable thermostat homes. At the time of the thermostat installation, WES tectmician

installed an Onset UX100n o f 2 33SNJ ySEG (2 SI OK Llspabier OA LI yi Q&
temperature every five minute8VES also installed an OnsetU0@ n f 2 33SNJ 2y SI OK LJ N
conditioner condenser toecord air conditionerun time.

WES installed indoor temperature meters and air conditianertime meters in300 (5@%6) of the
homes® Half were installed in Nest homes and half were installed in programmable thermostat homes.

Analysis ofParticipant Behavior

To understand howywrogrammable thermostat participants actually used their thermostats, we assessed
space temperature data for each participant who returned a temperature logger. We noted if the
participant established a programmed schedule of setbacks or used the progtamtharmostat as if

it were a manual thermostatigure4 and Figure5 show example temperature data for two

participants, one in each of the two behavior categories.

Figure4. Temperature Data for a Participant with Irregul@ehavior

Temperature (°F)
)]
o
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Date

6 WES collected indoor temperature data so that Cadmus could review angocite the behavior of
participants, and collected air conditionam-time dataso that Cadmus coulidvestigate any anomalous
findings in the billing analysis
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Figure5. Temperature Data for a Participant with Programmed Setpoints
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Pre-/Post- Billing Analysis

Cadmus provide¥ectrenwith names and addresses ftire 600 program paticipants and 3,845

nonparticipans (control group)sampled from Energizing Indiana Home Eyekudit dataVectren

providedthe data fields outlinedn Table5F 2 NJ S| OK Odza (i 2 YiSIsIe@temBer 20121 Y R S S (
through September2014

Table5. Requested Billing Data Fields

Provided by Cadmus

Customer name / dzZai2 YSNR&A CANRBRG FyR [Fad bl YSa
Service street address | Street Address

Service city City

Service zip code Zip Code

Provided by Vectren
Billing Account Number / dz2 12 YSNR& . AffAy3a 1 O02dzyd bdzyo SNJ

Premise/Location . . .
Location Account Number (tied to the premise)

Number

Billing Days Number of Billing Days in Each Month

Usage Monthly Usage (kwh or therms) for Each Month

Read Date Date of Meter Reads in Each Month

Meter Read Code Meter Read Code (indicates whether the meter reading was estimated or true)
Account Status Indicates Active, Inactive, or Closed




We evaluated gas savings attributable to the program by conductiidjreg analysis, following these
steps

1. Matched thermostat installation dates and customer information to the billing data;
2. Used participant zip codes to map to the nearest weather station;

3. Obtained daily average temperature weather data fr8eptember2012 throughSeptember
2014 for seven National Oceanic and Atmospheric Administration weather stations,
representing all participant zip codes;

4. Used daily temperatures to determine base-8% heating degree days (HDDs) and cooling
degree days (CDDs) for eaghather station; also mapped the typical meteorological year 3
(TMY3) normal heating and cooling degree days by zip code for each; tamde

5. Matched billing data periods with the CDDs and HDDs from associated stations.

Pre- and Postinstallation Period &finitions
WES installed thermostats for Vectren customers betw@etober2013 and late January 2014.

For participants, Cadmus defined the pnstallationperiod as before the installation of the new
thermostat, and the posinstallationperiod as aftethe installation ofa newthermostat. For the
control group (nonparticipantsizadmugased the control group preand postinstallation periods on
the average installation dates of the participantge used the average participant installation date of
November 16, 2013.

Using the billing data from September 2012 through September 20admus paired the prand post
installationmonths to ensure that we compared the same months before and after thermostat
installation®

Gas Billing Analysis Model

Cadmusestimated savings from each customer using a PRInceton Scorekeeping Method (PRISM)
specificationusing pre and postinstallation billing data for each customer in the Nest group,
programmable thermostat group, and control group. These models providethereaormalized pre
and postinstallation annual usage for each participant and nonparticipant.

Through this regression model approach, we obtained estimates of energy savings for each group and
each customerkor each participant and control home, Cadimastimated heatinggnly PRISM models in
both the pre and postinstallation periods to weathenormalize raw billing data. Each model allows the
heating reference temperature to range from 45 degrees to 85 degrees.

7 Cadmus used the PRISM models to select the best base temperature for each home.

8 In orderto obtain the most reliable estimate of pygeriod normalized usage, Cadmus estimated a model
using all 12 prénstallation period months.

10
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The PRISM model specification we used is
000 | [ 000 -

2 KSNBE F2NJ SFOK Odzad2YSNJ WAQ YR Y2y iK wWiQy

ADG = The average daily gas consumption in the-jrepostinstallation
program period

ai = The participant intercept representing the average daily base load

iq = Themodel space heating slope

HDLQ = The base 485 average daily HDDs for the specific location

6t = The error term

From the above model, Cadmus computed weathermalized annual consumption (NAC) for each
heating reference temperature as follows:

0060 | Zza@ul 0'YOOO-

Where:

NAG = The normalized annual consumption

ai = An intercept representing the average daily base load for each
participant

a* 365 = The annual base load consumption (reBaather sensitive)

I = The heating slopéusage per HDD from the model above)

LRHDP = Annual, longerm HDDs of a typical month year (TMY3) in the 991
2005 series from the National Oceanic and Atmospheric Administration,
for Evansville, Indiana

i 1LRHDP = The weathemormalized, weathesersitive annual heating usage, also
known as HEATNAC

& = The error term

Cadmus screened and removed accounts that yielded negative heating NACs from the analysis. From the
various models with correct signs on all of the parameters, we chose the best ofaskath
LJ- NJi A O A-lajid yastidstallatidd Beriods based on that with the highess@uared value.

11



Gas Data Screening

Cadmus screened and removed the following gas customers from the analysis:

1 Customers with less than seven prstallaion paired nonths or less thaseven post
installation paired months;

Customers that yielded totNACs less tha®00 therms
Customers that yielded negative heating NACs;

Customer bills that contained outliers, vacancies, or equipment changes; and

= =4 =4 =4

Customers whospost-installation survey responses indicated vacancies, changes in occupants,
or equipment changes

Table6, Table7, andTable8 present the gas attrition levels for the Nest, programmable thermostat,
and control group customers from the screening criteria above, respectively. For participants, the
attrition was primarily due to insufficiergairedbilling datg removal of outliersand surveys indicating
changes, while the control group attrition was primarily due to insufficgaited billingdata.

Table6. Nest Thermostat Gas Account Attrition

—— Dropped ffom Sampl
; Pariciants

Original Nest sample 300 100% 0 0%

Insufficient pre and/or postperiod data (less
than seven preperiod and six posperiod

months) 246 82% 54 18%
PRISM screens 240 80% 6 2%
Removal obutliers* 206 69% 34 11%
Surveys Indicate Changes 197 66% 9 3%
Final Nest Analysis Sample 197 66% 103 34%

* This entailed an accousével inspection of preand postperiod usage data to assess vacancies, equipment
changes, and other anomalies.

Table7. Programmable Thermostat Gas Account Attrition

Sample Screen Dropped from Sample
:
0

ts
Original programmable thermostat sampl 300 100% 0%

Insufficient pre and/or postperiod data
(less than seven pfperiod and six post

period months) 265 88% 35 12%
PRISM screens 261 87% 4 1%
Removal of outliers* 202 67% 59 20%
Surveys Indicate Changes 184 61% 18 6%
Final Programmable Thermostat Analysis

Sample 184 61% 116 39%

* Thisentailed an accounlkevel inspection of preand postperiod usage data to assess vacancies, equipment
changes, and other anomalies.

12



Table8. Control Group Thermostat Gas Account Attrition

——— Dropped fomSampl
; Paricoant

Original Nonparticipant Sample 3845 100% 0 0%

Insufficient pre and/or postperiod
data (less than seven pyeeriod and

six postperiod months) 2851 74% 994 26%
PRISM screens 2800 73% 51 1%
Removal obutliers* 2611 68% 189 5%
Surveys Indicate Changes 2611 68% 0 0%
Final Control Group Analysis Sample 2611 68% 1234 32%

* This entailed an accousével inspection of preand postperiod usage data to assess vacancies, equipmer
changes, and otheanomalies.

After screening, the finalas analysis sample included 19&st thermostat participant66%),184
programmable thermstat participants (61%), and 2,611 control group customer$o68

Electric Billing Analysis Model

Cadmus estimated savings from each customer using a PRInceton Scorekeeping Method (PRISM)
specificationusing pre and postinstallation billing data for each customer in the Nest group,
programmable thermostat group, and control group. These models peoviceathernormalized pre
and postinstallation annual usage for each participant and nonparticipant.

Through this regression model approach, we obtained estimates of energy savings for each group and
each customerfor each participant and control homae estimated heatingonly PRISM models in

both the pre and postinstallation periods to weathenormalize raw billing data. Each model allows the
heating reference temperature to range from 45 degrees to 85 degrees and the cooling reference
temperature b range from the heating reference temperature to 85 degrees.

The PRISM model specification we used is:
006 | T 000 f 600 -

2 KSNBE F2NJ SFOK 0dzai2YSNJ WAQ |YyR Y2y iK wiQy

ADG = The average daily electric consumption in gre- or postinstallation
program period

ai = The participant intercept representing the average daily base load

I = The model space heating slope

HDDQ = The base 485 average daily HDDs for the specific location

I = The model space cooling slope

HDLQ = The base 485 average daily CDDs for the specific location

6t = The error term

13



From the above model, Cadmus computed weathermalized annual consumption (NAC) for each

heating and cooling reference temperature as follows:

668 | 2o@ui D 'YOOO[ Y6 0O-

Where:

NAG = The normalized annual consumption

a, = An intercept representing the average daily base load for each
participant

a*365 = The annual base load consumption (Ae@Bather sensitive)

i = The heatingslope (usage per HDD from the model above)

LRHDP = Annual, longerm HDDs of a typical month year (TMY3) in the 991
2005 series from the National Oceanic and Atmospheric Administration,
for Evansville, Indiana

i 1LRHDP = The weathemormalized, weathesensitive annual heating usage, also

known as HEATNAC
I 2 = The cooling slope (usage per CDD from the model above)

LRCDP = Annual, longgerm CDDs of a typical month year (TMY3) in the £991
2005 series from the National Oceanic and Atmospheric Admiti@tra
for Evansville, Indiana

i ,LRCDP = The weathemormalized, weathesensitive annual cooling usage, also
known as COOLNAC

& = The error term

We screened and removed from the analysis any accounts that yielded negative cooling NACs and
negative base load. If a model heating slope was negative, we estimated a endiirigRISM model.
From the various models with correct signs on all of the patens, we chose the best model of each
LJ- NI A O A-laitd yastDstallatidd Beriods based on the one with the highestcRared value.

Electric Data Screening
Cadmus screened and removed the following electric customers from the analysis:

9 Customers wh less than seven primstallation paired months or less than seven post
installation paired months;

Customers that yielded cooling NACs less than 100 kWh;
Customers that yielded negative base load NACs;

Customer bills that contained outliers, vacanciwsequipment changes; and

1 Customers whose poststallation survey responses indicated vacancies, changes in occupants,
or equipment changes

14



Table9, Tablel0, andTablell present the electi attrition levels for the Nest, programmable
thermostat, and control group customers from the screening criteria above, respectively. For
participants, the attrition was primarily due to insufficiguaired billing dataremoval of outliersand
survey data indicating changes, while the control group attrition was primarily due to insufficizat!
billing data.

Table9. Nest Thermostat Electric Account Attrition

Dropped from Sample
Sample Screen
Pacpants,

Original Nest sample 100% 0%

Insufficient pre and/or postperiod data
(less than seven prperiod andsevenpost-

period months) 247 82% 53 18%
PRISM screens 245 82% 2 1%
Removal of outliers* 210 70% 35 12%
Surveys Indicate Changes 191 64% 19 6%
Final Nest Analysis Sample 191 64% 109 36%

* This entailed an accous#ével inspection of preand postperiod usage data to assess vacancies, equipment
changes, and other anomalies.

Table10. Programmable Thermostat Electric Account Attrition

—— Dropped fom Sample
: e

Original programmable thermostat sample 100% 0%
Insufficient pre and/or postperiod data
(less than seven prperiod andsevenpost

period months) 275 92% 25 8%
PRISM screens 269 90% 6 2%
Removal of outliers* 236 79% 33 11%
Surveys Indicate Changes 205 68% 31 10%
Final Programmable Thermosta&nalysis

Sample 205 68% 95 32%

* This entailed an accousével inspection of preand postperiod usage data to assess vacancies, equipment
changes, and other anomalies.

15



\

.
-

Tablell. Control Group Thermostat Electric Accoufsttrition

—— Dropped fom Sarple
: Paricoant

Originalnonparticipantsample 3845 100% 0 0%

Insufficient pre and/or postperiod
data (less than seven pyeeriod and

sevenpost-period months) 3039 79% 806 21%
PRISM screens 2971 7% 68 2%
Removal of outliers* 2714 71% 257 7%
Surveys Indicate Changes 2714 71% 0 0%
Final Control Group Analysis Sample 2714 71% 1131 29%

* This entailed an accousével inspection of preand postperiod usage data tassess vacancies, equipment
changes, and other anomalies.

After screening, the finalas analysis sample included 19dst thermostat participant6¢%), 2&
programmable thermstat participants (68%), and 2,714 control group customer$o)71

Model-Specific Evaluated Savings (Average Participant)

Since the control group prmstallation period usage was not identical to the participant-pr&allation
usage, Cadmus used a percentage ofipstallation usage approach to obtain adjusted gross
participant savings (via the following formula):

s 0l £ 60 Ot Tl 6 OO Kt Rt T O 0 QGYRNINREEE "G ¢ ¢ 0'Di¢&dh © 00
0 EIOU AE B O D O 6 QWD 6000 B ¢ & 0DIE&D | @ &0

Through this process, we obtained the percentage reduction of energy use in both the participant
groups and the control group (specifically, we determined savings as a percentageNA®re
PREHEATNAG@ PRECOOLNAQhen, we calculated the percentage reduction as the change in
participant usage minus the change in control group usage. Multiplying this adjusted gross percentage
reduction by the participant prénstallation period usage, we obtaineldd adjusted gross participant
savings, effectively accounting for any differences inipstallation period heating usage between
participants and the control group.

Postinstallation Survey

In July 2014, Cadmus distributed a postallation surveybymA £ G2 O2ft SOG Ay F2NX¥I G,
behaviors and satisfaction with their new thermostat. This survey screened out any customers who

added equipment, changed equipment, or showed prolonged vacarkiessurvey is attached as

AppendixC

®  For gas savings, this method was applied both in terms of total usage (NAC) and total heating usage
(HEATNAC). Felectric savings, this method was applied in terms of cooling usage (COOLNAC).
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Results

Response Rates

In July2014 Cadmusnailed customer surveys to &00 Vectrenprogram participantsWe also sent
instructions tothe 300 participants who received loggeon how to remove andnail backheir loggers.
Tablel2 shows the logger and survey return rates adloffember 7 2014.

Tablel2. Logger and Survey Return Rates (adNoffember 7 2014)

Returned Item Response Rate

Temperature Logger 239 80%*
Motor Runtime Logger 192 64%*
Surveys 332 55%**

*Return rate as percentage of parifi@nts who received loggers (3@@rticipants)
**Return rate as percentage of parti@pts who received surveys (aD® participants)

Of theparticipants who received logge®)% returnedthe temperature loggers an@4%returnedthe
run timeloggers. These response rates are lower than expected and madydie the length of the
study period. Because the loggeverein placeover six monthsparticipants may not have felt as
responsible for returninghem as they might ira shorter study To increase response ratesg mailed a
letter to participantsin Septemberreminding them to return the loggers. After participants receive
the letters,we calledthemto see if they received the letter and offsatto explainhow to remove the
loggers.

Cadmus received maih surveys back frori5% of participants. This response rate is higher than
expected. Matin surveys typically have response rates ofl’50%.

Energy Savings

Results oiGasBilling AnalysisModel-Specific Evaluated Savin@&verage Pdrcipant)
Tablel3 shows the participant andontrol groupchanges in gas usadpy thermostat type
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Range of | Range of

Thermostat Sample Savings | Savings ) .

S Group Size e (%) Savings | Savings
(therms) (%)

Participant 197 744 55 7.4% 47 to 63 6 to 8%
Nest Control 2,611 766 -14 1.9% -12to0-17 2%
Adjusted Gross 197 744 69 9.3% 60to 77 8to 10%
Participant 184 778 15 1.9% 8 to 22 1to 3%
Programmable Control 2,611 766 -14 -1.9% -12 to-17 -2%
Adjusted Gross 184 778 30 3. 9% 22t037  3t05%

The control group increased its gas usage by approxim2¥lyvhich might be normal year on year
change Cadmus applied the adjusted gross savings formula to determine the difference in these
percentage savings. For participants, the Nest thermostatesaetiadjusted average gross savings of
69therms, with a preinstallationperiod usage o744therms. Tis represents 8.3% reduction of pre
period usage. Thprogrammablehermostats achieved adjusted gross saving3atherms, wth a pre
installationperiod usage of 78therms. his represents 8.8% reduction of pranstallationperiod
usage.

Cadmus also evaluateghssavings as a perceajeof pre-period heatingusage(Tablel4).

Tablel4. Gas Savingas Percentagef Heating Gas Usage

Pre Range of | Range of
Thermostat Era Sampl| Heating | Savings | Savings| Savings | Savings
Group e Size| Usage | (therms) (%) (therms) (%)
(therms)

Participant 197 548 55 10.0% 47 to 63 810 11%

Nest Control 2,611 575 -14 -2.5% -12 to-17 -210-3%
Adjusted Gross 197 548 69 12.5% 60to77 11to 140

Participant 184 602 15 2.5% 8 to 22 1to &%

Programmable Control 2,611 575 -14 -2.5% -12 to-17 -21t0-3%
Adjusted Gross 184 602 30 5.0% 22 to 38 4 to 6%

The Nest thermostat savedl2 5%o0f heating gas usage and tpeogrammablethermostatssaveds.(%
of heating gas usage

Results of Electric Billing Analysigtodel-Specific Evaluated Savin¢Average Participant)
Tablel5 shows the participant and control group changes in electric eisgthermostat type
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Tablel5. ElectricSaving as Percentage of TotBlectricUsage
Range of | Range of

Thermostat Sample g Savings| Savings ) .

S Group Size (KWh) (%) Savings | Savings
(kWh) (%)

Participant 191 10,730 357 3.3% 206 to 508 210 5%
Nest Control 2,714 10,606 -70 0.7% -18t0-122  -1to 0%
Adjusted Gross 191 10,730 429 4.0% 270to 589 310 5%
Participant 205 9,020 273 3.0%| 131to 415 1to 5%
Programmable Control 2,714 10,606 -70 -0.7% -18t0-122| -1t00%
Adjusted Gross 205 9,020 332 3.7% 181t0483  2t05%

The control group increased idectricusage by approximateli?a which might be normal year on year
change Cadmus applied the adjusted gross savings formula to determine the difference in these
percentage savings. For participants, the Nest thermostatseved adjusted average gross savings of
429 kWh with a preperiod usage 010,730 kWhThis represents 4.0% reduction of pranstallation
period usage. The programmable thermostats achieved adjusted gross sava@ggskovh with a pre
installationperiod usage 09,020 kWh This represents &.7%reduction of preinstallation period

usage.

Cadmus also evaluated gas savings as a percentage-infspalationperiod coolingusage(Tablel6).

Tablel6. Electric Savings as Percentage of Cooling Electric Usage

R f| R f

Thermostat Sample| Pre Usagg Savings | Savings a”ge © a”ge °

Group Group Size (KWh) %) Savings | Savings
(kWh) (%)

Participant 3,080 11.6% 206t0508 71t017%
Nest Control 2,714 3,001 -70 2.3% -18t0-122 -1t0-4%
Adjusted Gross 191 3,080 429 13.9% | 270t0o 589 910 19%
Participant 205 2,537 273 10.8% 131to 415 5to 16%
Programmable Control 2,714 3,001 -70 2.3% -18to-122| -1to-4%
Adjusted Gross 205 2,537 332 13.1% 181t0 483 710 19%

The control group increasl cooling electric usage by approximatedg 2vhich might be normal year on

year changeCadmus applied the adjusted gross savings formula to determine the difference in these
percentage savings. For participants, the Nest thermostats achieved adjusted average gross savings of
429 kWh, with a prénstallation period coolinglectricusage of3,080 kWh. This represents a 13.9%
reductionin pre-installation periodcooling electrizisage. The programmable thermostats achieved
adjusted gross savings of 332 kWh, with aipiallation periodcooling electriazusage of 2,537 kWh.

This represents &3.1% reductionn pre-installation periodcooling electriaisage.
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Benchmarking
Tablel7 shows a comparison of the gas savings results of this evaluation compared with those from other Cadmus thermostat evedimagions
pre/post billing analysis methods

Tablel7. Summary of Cadmus Thermost&as SavingStudy Results

Date Location T-stat Type Original Control Evaluated | Attrition Rate | Savings per | Precision at
Sample Size Group Sample Size Participant 90%
(Therms) Confidence

July 2011 Indiana Programmable 68 N/A 61 10% 37 +21%

July 2011 Indiana Programmable 283 N/A 255 10% 43 +21%

July 2011 Indiana Programmable 371 N/A 334 10% 35 +21%

September .

2012 Massachusetts | Ecobee WFi 86 N/A 43 50% 86 (11%) +31%
Venstar

July 2013 New Hampshire | ColorTouch 29 N/A 23 21% 69 (8%) +20%
T5800

September

5 054 Indiana Nest 300 600 197 31% 69 (9.3%) +12%

September .

2014 Indiana Programmable 300 600 184 33% 30 (3.8%) +26%
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Participant Temperature Settings an8ehavior
Cadmus used participant survey responses and space temperature logger data to understand how
participants set theithermostats.

PrelInstallation Period
¢tKAAa aSOGA2y RSAONAOSa (detBngandlysisizindipartichant behavdl dza Q
andysis during the prénstallation period.

TemperatureSettings

Cadmus used participant responses from the-in&tallation customer surveys to assd®sating and
coolingsetpointsby hour and by day of the week in the grestallation period. These setpdsmwere
reported by participants; we did not verify or measure these numbeigure6 shows the weekday and
weekend heating s@bints reported byparticipants Figure7 shows the weekday and weekend cooling
setpoints reported by participants.

Figure6. Selfreported Pre-installation HeatingSetpoints Using Manual Thermostat
Weekdays vs. Weeken@Weekday n517, Weekend n=515)
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Figure?. Selfreported Preinstallation Cooling Setpoints Using Manual Thermostat
Weekdays vs. Weekend (Weekday516; Weekend n=516)

73

72.5 llg bttt

72

71.5

w

‘E’?l

S

'E?O.S

2

g 70

K

69.5

69

68.5

68 1 /1 ‘17 "1 ""7T 7T 7T 1T 1T 71T 1T 71T T 1T "1 T T T T T 1
= =2 2 2 2 2 2 2 zZ2 Zz2 22 Z2 2 2 22 2222 22z2°2
g 4 4 4 4 4 4 < a4 < < < o o o oo o oo oo oo o
8 8888888888888 3s3338¢8 3 3 8 8
N = N oo IO M~ ®m 68 A N H N @M s N0~ S H
— - = —

—4—\Weekdays —=—Weekends

Five hundred seventegorogram participant§86%)reportedtheir baseline weekday heating setpoints
and515 (8B%) reported theibaselineweekend heating setpoint&:rom 8:00 a.m. to 11:00 a.m. and
8:00 p.m. to 9:00 p.m. on weekdagnd weekends, the average reported setpoint is approximately 0.4
degrees lower than other times of dapdicating gpossiblypopular time for participants to use
setbacksDuring allhours of the daythe average reported setpoint is approximately 69.2 degrees.

A total of 516program participants (86%) reported their baseline weekday and weekend cooling
setpoints. On weekdays and weekends, the reported cooling season temperature settings were within
0.03 degrees for each hour of the day. For both weekdays and weekends, the average reported setpoint
was72.7 degrees. Based on participant responses, there is no period of the day or week where there is a
significant setback.

Participant Behavior
Cadmus asssedhe baseline behaviors of the participariased on their survey respons@sblel8).
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Table18. Selfreported Pre-installation BehaviorUsing Manual Thermostéat

I manually change ththermostatsettings using a regular daily schedule 424 81%
I manually change thithermostatsettings using no set schedule (depending on

- 75 14%
weather and/orhome activity) °
| use a single setpoint throughout each season (winter, spring, summer, fall) 22 4%
Total 521 100%

*Totals may not sum due to rounding

A total of 521(87%) of program participants reported how they controlled their manual thermostats
prior to participating in the progranihe majority ofparticipants §5%) reported manually changing
their temperature setting. Eightyfive percent of these participan{81%of total) reported manually
changinghe thermostatsettingsusing a regular daily schedulefteen percent (1% of total)reported
manually changing théhermostatsettings using no set schedul@he remaining participant€l%o)
reported using a single=gpoint.

Cadmus compared these survey responses to research we completed with another cieéb8imhe
results are summarized ifablel9.

Table19. Comparison of Selfeported BehaviorbetweenVectrenStudy and 2013 Cadmus Study*

Manual Thermostats (201 Manual Thermostats
Behavior Cadmus Study) (20132014 Vectren Nest
Evaluation)
Regular Scheduled Setpoints 48% 81%
Manual With Changing Setpoints 36% 14%
Constant Setpoint 16% 4%

The behavior o¥/ectrenprogram participantsliffers greatlyfrom the behavior of the participants in the
2013study.Vectrenprogram participants control their thermostats tvia regular schedulsnuch more
frequentlyand use changing setpoints or a single setpointh lesgrequently. These results suggest
Vectrenprogram participantsnayalready practice regular setbles and might not have as large a
potential for energy savingssthe population in the2013study.

PostlInstallation Period
This section describes the results/of R YspaEc@®temperaturgair conditioner run timeand
participant behavioanalysis for thepostinstallation period.

Temperature Setting in Heating Season

Twohundredthirty-nine Vectren program participants (80) returned their temperature loggers as of
November 72014.Cadmus used logger data to evaluate the average heating season home
temperatures by hour and by day of the week for the programmable thermostat and Nest treatment
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groups.Figure8 and Figure9 show averagéndoor temperature in the heating seaséor programmable
thermostats and Nestespectively

Figure8. Average HourlWMetered Indoor Temperature

DuringHeating Seasofor Programmable Thermostatéh=239
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Figure9. Average Hourl\Metered Indoor Temperature
DuringHeating Seasofor Nest Thermostatgn=239
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Programmable thermostaisershave similar indoor temeraturesfor weekdays and weekendshile
Nest user@appear to have a sliglieduction in temperaturdrom 9:00 a.m.to 6:00 p.m.on weekdays.
During this period, the temperature in Nest homes is on avefagdegrees cooleon weekdayshan

24



on weekendsBecause this is a common time period for homes to be unoccupie@dssume this is
FGGNROdzOF 6t S Wh@oARdy featBawhich &u®maiilly trighésa setback when it
senseathe homeis unoccupied, or its Aut8cheduldeature, whichuses data on howparticipants
manually setheir thermostat to automatically program a schedule of setbacks.

FigurelOandFigurell show a comparison girogrammable thermostaand Nest partipantindoor
temperatureson weekdays and weekend®spectively

FigurelO. Average HourlyMetered Indoor Temperature on WeekdayBuringHeating Season=239
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=—4—Programmable == Nest

Duringweekdayshomeswith programmable thermostats hadwer nighttimetemperatures compared

to homes with Nest thermostats. Between the hours of 12a0@.and 7:00a.m, the average hourly
temperature was 0.2 degrees lower than homes with a Nest thermostat. During the daytime, however,
the homes with Nest thermostats hdower indoor temperaturegompared to programmable

thermostat homesBetween 9:00 a.m. and 10:q@dm.,indoor temperature wa$.5degrees coolein

Nest homeghan in programmable thermostat homesn averageThe difference inaerage hourly
temperature range$rom 0.2 degrees to 0.8egreesduring this period These data suggetite Nest
thermostatused theAuto-Awayfeature orAuto-Schedule featuréo implement setbacks during
daytimehours when many participants were away from hame
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Figurell. Average Hourl\Metered Indoor Temperature on WeekendBuringHeating Seaso(n=239
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=—4—Programmable —l—Nest

Like on weekdayshe programmable thermostat homes haightlylower indoor temperaturest

night. Similar to weekdays, thdest homedadlower indoortemperaturescompared to programmable
thermostat homeduring the day however, thedifference inindoor temperatureduring the day was
not aslargeon weekends ai wason weekdaysBetween the hours of 9:00am and D@pmon
weekendsthe average hourly indoor taperature ranges from 0.2 to Odkegrees coolein Nest homes
thanin programmable thermostat home&n average, the temperaturgas0.3degrees cooler in Nest
homes during this period.

Figurel2 andFigurel3 compare the metered weekday and weekend temperature settings,
respectively, of programmable thermostat and N&strmostatparticipants to the baseline setpoints
they reported using with their manual thermostats
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Figurel2. Selfreported Setpoints for Manual ThermostatCompared to Meteredndoor

Temperatures for Programmable and Nest Thermost@fgeekdays)
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Figurel3. Selfreported Setpoints for Manual Thermostats Compared to Meter&eoor

Temperatures for Programmable and Nest Thermostats (Weekends)

Temperature (°F)

69.5

A—A—A—A—A—A——‘—\

[=)]
o)

/—A

) S

o
go
Ul

Y e e ST
T—y

o)
co

o
N
Ul

)]
~l

66.5 T T T T T T T T T T T T T T T T T T T T

12:00 AM
1:00 AM
2:00 AM
3:00 AM
4:00 AM
5:00 AM
6:00 AM
7:00 AM
8:00 AM
9:00 AM

10:00 AM

11:00 AM

12:00 PM
1:00 PM
2:00 PM
3:00 PM
4:00 PM
5:00 PM
6:00 PM
7:00 PM

== Pre-installation manual thermostat sepoints (self-reported)

8:00 PM

9:00 PM
10:00 PM
11:00 PM

== Post-installation programmable thermostat home temperature (metered temperature data)

—li— Post-installation Nest thermostat home temperature (metered temperature data)

27




CADMUS

/ 2YLI NBR (2 [|gpdbdedbasklind h¢aling Setpairst pRrticipants with Nestl
programmable thermostathad lower indoor temperatureduring the heating season, with the Nest
participantshaving the lowest daytime temperaturesmd the programmabléhermostatparticipants

having the lowest nighttime temperatureslomes with Nesthtermostats hadhe biggest difference in
indoor temperature compared to programmable thermostat honbesween the hours of 10:00 AM and
6:00 PM on weekdays, when the average hourly temperature was 0.7 degrees lower than homes with a
programmable thermostatWe assume this is attributabkitherto b S & Aut@-Away featurewhich
automatically trigges a setback when it sens¢éhe homeis unoccupied, or its Aut8cheduldeature,
whichuses data on howparticipants manually seheir thermostat toautomatically program a schedule

of setbacksHomes with programmable thermostats had tlevest indoortemperatures between the
hours of 12:00 AM and 7:00 AM on weekdays and weekends, when the average hourly tempeesgture w
0.2degrees lower than homes thiaNestthermostat. On average, the homes with Nest thermostats
hadindoortemperatures0.2 degreedower than the homes with the programmable thermostats.

Cooling Season Temperature Settings

Cadmus used the indoor temperature logger data to evaluateatterageindoortemperaturesin the
cooling seasoby hour and by day of the week for the programmable thermostat and Nest treatment
groups.Figurel4 andFigurel5 show averagéndoor temperaturedor programmable andest
thermostats, respectively.

Figurel4. AverageHourly Metered Indoor Temperature

During Cooling Season for Programmable Thermostats (n=239)

~J
co

~l
~l

~J
(o)
|

Temperature (°F)
~J
wu

74

73

72 T 1+ T 1/ 1 17T "1 ~""7T 1T 1T 1T 1T T 1T 1T T T "T T “"T T 1
= =2 2 2 Z 2 Z =2 zZ2 zZ2 2 2z 2 2 2 22 2222 2z22
g & 4 4 4 4 a4 < < « < < o o oo oo oo oo oo
8 2888888888888 8383¢&838¢e 8 ¢8 8 8
N = N Mmoo 1m0 M~ 00 6 H N Hd N Mmoo g o~ 0 8 H
— - = —

—4—\Weekday =—l—Weekend

28



Figurel5. Average Hourly Metered Indoor Temperature

During Cooling Season for Nest Thermostats (n=239)
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Both programmable thermostatral Nest thermostatisershaveslightly cooletindoortemperatureson
weekends compared to weekday@n weekends, the indoor temperature in programmable thermostat
homes is on average 0.5 degrees cooler compared to weekdays. For Nest homes, the avemage indo
temperature is 0.4 degreaemoleron weekends compared to weekday$e metered indoor

temperature data show that home indoor temperatures peak at approximately 5:00 p.m. or 800 p
and continue to drop until 7:00 a.nBecause air conditioner run tinaso drops during this period (see
Air Conditioner Run TimAnalysissection), we assume the drop in indoor temperature is primarily
attributable toa drop in outdoor temperature at night

Figurel6 andFigurel7 show a comparison of programmable thermostat and Nest participataor
temperatureson weekdays and weekends, respectively.
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Figurel6. Average Hourly Metered Indoor Temperature on Weekdays Du@aplingSeason (n=239)
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=—4—Programmable —l—Nest

Figurel?. Average Hourly Metered Indoor Temperature on Weekends Dui@aplingSeason (n=239)
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During weekdayand weekendshomes with the Nest thermostdtad lowerindoor temperatureghan
homes with programmable thermostats. The indoor temperature in Nest homees 1.3 degrees

cooler than programmable thermostat homes weekdays and 1.2 degrees cooler than programmable
thermostat homes on weekends. Indoor temperature dataljoth participant groups shokhe same
profile of temperaturepeaks and dropswith the Nest homes consistently approximately one degree
cooler than the programmable thermostat homes.
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Figurel8andFigurel9 compare the meteredveekday and weekend indoor temperaturgespectively,
of programmable thermostt and Nest participants to the baseline behavior they reported using with
their manual thermostats.

Figurel8. Selfreported Setpoints for Manual Thermostats Compared to Metered Indoor
Temperatures for Programmable and NeBhermostats (Weekdays)
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Figurel9. Selfreported Setpoints for Manual Thermostats Compared to Metered Indoor
Temperatures for Programmable and Nest Thermostats (Weekends)
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== Pre-installation manual thermostat sepoints (self-reported)
—#—Post-installation programmable thermostat home temperature (metered temperature data)

——Post-installation Nest thermostat home temperature (metered temperature data)

/ 2YLI NBR (2 |dpbdedbasklinikoyliigietoirtsSdarficipants with Nest and
programmable thermostathad higher indoor temperatureduring thecoolingseason, with the
programmable thermostaparticipantshaving the highest indodemperatures For both participant
groups, thehighestindoor temperaturesoccurred between the hours of 7:00 a.m. and 5. or 6:00
p.m.Thisis also the periodvhen air conditioner run time wasighest (see Air Condition&un Time
Analysis section), so vassume indoor temperatures begin to drop at 5@fn.or 6:00 p.m. due to a
drop in outdoor temperature at nighOn average, the homes wifirogrammablehermostats had
indoortemperatures 1.3legreesvarmerthan the homes with théNestthermostats.

Air Conditioner Run Timi& Cooling Season

Cadmusused participant air conditioner run time logger data to understand how participants used their
air conditionersFigure20 and Figure21 show the average hourly metered air conditioner run time on
weekdays and weekends, respectively.
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Figure20. Average Hourly Metered Air Conditioner Rumie
During Cooling Season on Weekdays (n=192)
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Figure21. Average Hourly Metered Air Conditioner Run Time
During Cooling Season on Weekends (n=192)
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On weekdayand weekendshomes with the Nest thermostat had slightly higlagrconditionerrun
times compared to prgrammable thermostat homes (B8compared td..3%on weekdays and 1.8%
compared to 1.5% on weekend3 he overall average run time was 1.8% in Nest homes and 1.2% in
programmable thermostat home$heslightlyhigherrun times in Nest homes is expectbdcause the
Nest participant groumada 21% highepre-installation cooling electric usagé&/e assume the higher
pre-installation usage in the Nest participant group is attributabléhi® Nest participant homes having
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higher occupancy (and thus higher cooling loads) compared to programmable thermostat homes (see
occupancy data in Demographics section)

Participant Behavior

Participant behavior is a primary driving factor for achieving energy savings with thermadstassess
participant behavior among programmable thermostat users, Cadmus evaluated how patrticipants
operated their thermostats using their survey data and metered indoor temperature data. To assess
behavior among Nest participants, we evaluated paréioipengagement with the thermostat by looking
at WiFi connectivity.

Programmable Thermostat Operation

Calmus ategorizel the programmable thermostatJ: NJi A Qdstidistglldtianbehaviorbased on
their survey responses and space temperature daehle20 showsprogrammable thermostat
participant behavior based on their survey responses.

Table20. Selfreported Programmable ThermostaParticipant Behavior (Based on Survey Responses)

Particioant Behavior Manual (Baseline) Programmable
. (n=521) (n=176)

I manually change the thermostat setting 96% 46%
| use a single setpoint 4% 32%
| rely on my thermostat tehange N/A* 22%
Total 100% 100%

*Manual thermostat users cannot rely on their thermostat to change because they cannot program sched

GCompared tobaseline (preinstallation) casga significantlyhigher percentage gfrogrammable
thermostatparticipants reported using a single setpo{@2% compared to 4%Based on participant
responsesprogrammablehermostats onverted approximately ondifth of participants from manually
adjusting their thermostat tgorogramming their thermostats.

Tabk 21 shows participant@ategorizecbehaviorbased on temperature data cqmared to their survey
responses foprogrammable thermostatisers.

Tabke 21. Programmable ThermostaBehavior(Based on Metered Temperature Data)

: Survey Responses Temperature Logger Data
Assumed Thermostat Setting (r):—176r)) . (n-lZSgg

Rely on Thermostat Program 22% 37%
Override Thermostat Program 78% 51%
Cannot Determine N/A 12%
Total 100% 100%

When comparing the results of the temperature data analysis and survey resppnsggmmable
thermostatparticipants appear toely on their thermostat prograrmorethan is reported. This may be
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because somearticipants manually adjust their thermostat with regulatisacks making their
temperature setting profile appear like a programmed scheddtewvever, on\87%of participants
appear to haveelied on their thermostat prograrby the end of thestudy perod.

Nest Participant Engagement

Cadmus also assesshdstLI: NI A OA LI yiaQ Sy3ar3asSySyid sAGK GKSAN (K
Labs.Table22 shows the level of customer engagement of program participants with Nest thermostats
compared to thegeneral (nonparticipantpopulation of Nest users in Indiamého ordered a thermostat

from nest.com

Table22. Customer Engagemeiatf Program Nest Population Compared to Indiana Nest Population*

Population
ol? Nest Nests
Connected**
Users
Program 300 249 83.0% 185 74.3% 61.706
Indiana**** N/A N/A 95.3% N/A 90.0% 85.8%

*Data provided by Nest Labs

** Connected thermostats include all Nests that were ever connected to the internet

***Registered Nests include all Nests that were "paired" to a structure, which oedues the customer sets
up an account so they can use the app, web account, etc.

FFFF ¢KS LYRAFYlF bSad LRLzZFGA2Yy aO02yySOGSRe NI
rate is based on all Indiana connected devices.

Program participants with the Nest thermostat were less likely to connect their thermostat to the
internet and register their Nest compared to tigeneralpopulation of Nesusers in Indianaho

ordered a thermostat from nest.conightythree percent of pogram participants connected their Nest
thermostat to the internet, whereas 95% of Nest users in Indiana connected their thermostats to the
internet. Readers should note that we would expect users who use the internet to order a thermostat
from nest.com © be more likely to connect their thermostat to the internet.

I f (0 K2 dz3 K Alitd&S8hedulgasdidfoaAway feature work without an internet connectiothere

are several features participants cannot use without an internet connecfiok:S b Sa fosral | +! / O
algorithms cannot receive the latest updatgerticipants cannot control their thermostat remotely

using a smartphone, tablet or computer, and participants cannot receive the monthliled energy

reports. Becausearticipantswho did not connectheir Nest could not use these features, the program
populationmight have less potential for energy savings thangbeeralpopulation of Indiana residents

who purchased a Nest thermostat outside of the progr&eaaders should note, however, that Cadmus

did not evaluate the impact of algorithm updates, remote control, or monthly energy reports on

participant energy use.
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Of the participants who did connect their thermostats to the internet, 74% of program participants
registered their thermostats compardd 90% of users in Indiana with internedbnnected NestsThe

lower percentage of registered Nests among program participaright indicate that program

participants wereslightlyless engaged with their thermostats than theneralpopulation ofNest users

in Indiana The reason for this disparity in engagement might be because the program was designed to
offer the Nest for free; customers were not necessarily motivated to engage with their Nest on their
own. The lover level of engagement in registering the thermostat could be an indicattassf

enga@ YSY i Ay dzi Ay sichasStideiedt® comtrdlland dzieigyareportsnd could
consequently be an indicator sfightlylower potential for energygavings compared to registered
thermostats However, readers shoulabte that our analysis of the indoor temperature profiles indicate
the Auto-Away and AuteSchedule features are the key cause of savings with Nest and these features
work even if the therrmostat is not connected or registere8till, aprogram designed to offer incented
thermostats, rather than free thermostats, could attract customers who are more likely to be engaged
with their thermostat and consequentlpightincrease energy savings patél slightly.

ParticipantDemographics and Satisfaction Ratings

Cadmus used participant surveys to collect demographic and satisfaction ratings from program
participants.This section assesses the differences in demographics between the programmable and
Nest thermostat groups and how these might have caused the observed differences in energy savings
and indoor temperatures. Evaluated demographics include participant age, occupancy, household
income, and home age.

Demographics
Cadmus used the prastallaion survey to assess the demographics of the participant population.

Participant Age
Of the 583participants who responded to the piiastallation survey338 (58%6) provided their age.
Figure22 shows the ages of participants as reported in the participant surveys.
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Figure22. Ageof Participant Populatiorby Participant Group
(nprogrrammable:]-?g, Nhes=159 ntotaI:338)
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Of the participants who reported their agé6%are over 55 years of age, with 28over the age of 65.

Based on the survey responses, the programmable thermostat group had more than three times the
participants over age 65 compared to the Nest thermostaug (42% compared to 13%)articipants

over the age of 65 are more likely to be retired and home on weekdays. Assuming thisfis thee

sample the potential for energy savings from weekday daytime setbcksver in homes with

participants over ag 65 compared to under age 65. The loss of potential for weekday daytime savings
F2NJ GKAAa RSY23INILIKAO A& INBIFIGSNIAY K2YSa gAGK GKS
Auto-Away and AuteSchedule features have the largest impact on savingsglahis period (as shown

in temperature data analysis). In addition, assuming participants over age 65 are less likely to use
smartphone, tablet, and computer technologies, this demographic is less likely to control Nest remotely
and view monthly energy port e-mails.

Occupancy

In the preinstallation survey, we asked participants to provide the number of home occupants for each
hour of the day on wekdays and weekends. Of the 58&ticipants who responded to the surve300

(86%) reported their homeccupancy. Based on survey responses, there was no significant difference in
occupancy during daytime versus nighttime, so we averaged the reported occupancy for each hour. The
average number of occupants for any given hour on weekdays and weekends arelshparticipant

group inFigure23.
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Figure23. Household Occupancy by Participant Group
(nprogrrammable:249, n‘1e51=251)

The average numbef occupants for any given hour was higliwemMNest homes compared to
programmable thermostaihomes. On weekday#est thermostat homes reported having an eage of
3.4occupants, whereas programmable thermostat homggsarted having an average of 28apants.
On weekends, Nest thermostat homes reported having an average of 3.2 occupants, whereas
programmable thermostat homes reported having an average of 2.1 occupdrshigher occupancy in
Nest thermostat homes could explain why the baseline codtiagswere 11% higher per square foot in
Nest homes compared to programmable thermostat hor®8 kWh/sqft compared to 1.BWh/sqft)

and why the air conditioner run times were higher in Nest homes compared to programmable
thermostat homes35% compared t@5%).

Household Income
Of the 583participants who responded tde survey, 4Z7%) reported their income. Income levels by
participant group are shown iRigure24.
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